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Abstract 
Biopolymer producing bacteria were isolated from some Brassica plants such as cabbage, cauliflower and lettuce. Total 
counts of these samples were enumerated and predominant mucoid colonies were selected for further studies. These 
isolated strains were identified as Panteo agglomerans, Bacillus subtilis, Enterobacter sp. and Pseudomonas sp. The 
biopolymer producing ability of these isolates was studied using yeast malt (YM) broth. The fermentation studies were 
carried out in Erlenmeyer flasks containing 100ml YM broth. After 72h cell dry weight, viscosity and remaining reducing 
sugar content of the media were estimated. Using ice cold ethanol the biopolymer produced was precipitated, dried and 
weighed. Among the isolates Pseudomonas sp. produced a maximum of 3.17g/l of biopolymer.  
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1. Introduction  
Microbial polysaccharides  are water-soluble polymers gained an industrial importance over the past 20 
years. Polysaccharides produced by bacteria can be exopolysaccharides such as alginate, dextran, xanthan, 
cellulose etc., the capsular polysaccharide and intracellular polysaccharides. Depending on their 
physicochemical properties microbial exopolysaccharides can be used as suspension stabilizers, emulsifiers, 
flocculants, biosorbents of heavy metals in waste water and natural waters [1]. Biopolymers produced from 
natural resources have advantages than the oil based non-renewable polymers. Because of biodegradable 
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nature the products made of biopolymers becomes increasingly attractive to avoid the usage of recalcitrant oil 
based polymers that will accumulate in the environment [2]. The type of polymer produced depends on the 
nature of bacteria and the type of nutrient supplied. Though large number of microbial polymers are 
potentially available very few have been industrialized [3].  Hence the screening of different biopolymer 
producing bacteria from different range of substrate is an essential factor in biopolymer production. The 
present study was carried out to isolate and purify biopolymer producing bacteria from cabbage, cauliflower 
and lettuce. The isolates were identified using 16s rRNA sequencing. A preliminary study on biopolymer 
fermentation was carried out for all the isolates. 
2. Materials and methods  
2.1. Sample collection and serial dilution 
The infected leaves of cabbage, lettuce and cauliflower were collected from Al-Mawaleh central vegetable 
and fruit market, Muscat. For each type 10 samples were chosen and they were placed in sterile bags at 4°C. 
The samples were serially diluted and 0.1 ml of each dilution was plated on YM agar (Composition (g/ l): 
yeast extract 3.0, malt extract 3.0, peptone 5.0, glucose 10.0 and agar 20.0) [4] with the use of sterile spreader. 
Three plates were prepared for each dilution and incubated for 24h at 30°C. After 24h, total and mucoid 
colony counting were done separately and expressed as colony formation unit (CFU) per gram. These 
mucoidal colonies were streaked on YMA plate for further work.  
2.2. Identification using 16sr RNA sequencing 
From the isolates DNA was extracted and purified using the ultra clean soil DNA isolation kit (MOBIO, 
USA) as per the instruction of the manufacturer. The DNA extracted from the previous step was used as a 
template for amplification of bacterial 16S rRNA gene fragments using two external primers annealing at the 
5  and 3  end of the 16s rDNA were used: -AGAGTTTGATCCTGGCTCAG- - 
GGTTACCTTGTTACGACTT-  Here 2 μl of the DNA was amplified using PCR. The reaction conditions 
were 30 cycles of 95ºC for 1 minute to denature the DNA, 53ºC for 2 minute to anneal and 72ºC for 2 minutes 
for elongation, with the denaturing step extended to 5 minutes in the first cycle and the elongation step 
increased to 7 minutes in the final  cycle. Then gel electrophoresis (2%) was carried out. The sizes of the 
predicted PCR product for each sample were differentiated using a 1 kb DNA ladder (Promega, USA). For 
cleanup the product from other enzymatic reactions, QIAquick PCR purification kit was used. The purified 
PCR products were sequenced using 3130X1 Genetic Analyzer (Applied Biosystem, UK). The 16S rDNA 
gene sequences were compared with the sequences in Gene Bank. 
2.3. Biopolymer production 
A loopful of cells from the YM plates was them transferred to 100 ml conical flask containing 25 ml of the 
sterile YM broth and incubated for 24h at 29.5°C and 180 rpm. This was ultimately used as inoculum. The 
fermentation media ((g/l): D- glucose, 84.68; KH2PO4, 5; MgSO4, 0.2; (NH4)2SO4, 2.7; citric acid, 2; H3BO3, 
0.006; ZnCl2, 0.006; FeCl3, 0.0024 and CaCO3, 0.02) was prepared, pH was adjusted to 7 and sterilized. The 
fermentation was carried out in 250 ml Erlenmeyer flasks, each of which contained 100 ml of the sterile 
production medium. The medium was incubated with 5% (v/v) of t
rpm shaker. Each experiment was carried out with three replications. The fermented broth was centrifuged at 
cold 
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alcohol and the mixture was kept for 12 h at 4°C for biopolymer precipitation. Then the biopolymer was 
recovered by centrifugation at 10,000 rpm for 30 min at 4°C. The precipitated biopolymer was washed with 
ethyl alcohol and then dried in a hot oven at 40°C for 24 h [5]. The biopolymer production was determined by 
measuring the weight of the dry product and expressed as g/l. 
2.4. Determination of biomass (dry weight) 
After 72 h, the cells were collected by centrifugation of fermented medium at 10,000 rpm for 20 min at 
15°C. The biomass was subsequently washed twice with alcohol to remove traces of biopolymer before being 
subjected to another centrifugation for 10 min at 9000 rpm. The cells were then dried in a hot air oven for 24 
h at 60°C.  
2.5. Viscosity Measurment: 
One ml of fermented broth was used to measure the viscosity using viscometer (F5 Technologies, 
Germany). Data was collected and analysed using provided software. Increase in viscosity is an indication of 
biopolymer production. In addition reducing sugar concentration in the fermented media was measured using 
DNS method [6].  
3. Results and discussion 
3.1. Isolation of bacteria  
                           
Fig. 1. Total CFU and CFU of yellow and milky colonies isolated from a) cabbage b) cauliflower c) lettuce and d) purified yellow 
mucoid colony . CFU represented is the average of three values. 
b a 
c d 
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Majority of bacterial species secrete mucoid substances of high molecular weight when grown under
proper culture conditions. Many types of mucoid colonies were grown on YM agar plates plated with 10 
samples of cabbage, cauliflower and lettuce (Fig 1).
The figure clearly depicts that in cabbage and cauliflower more yellow colonies were observed than milky 
colonies. On the other hand, lettuce samples showed a high ratio of milky colonies than the yellow colonies.
Usually form cabbage sample the common bacteria which forms yellow, mucoidal colony is Xanthomonas
campestris[6]. Twelve large and glistening colonies (5 from cabbage, 3 from cauliflower and 4 from lettuce) 
were studied for their ability to increase the viscosity using YM broth. Almost all organisms showed the
viscosity of more than 1mpa after 72h which is approximately double the amount compared to the viscosity in
the first day. The difference in the viscosity is not significant and that could be due to the composition of 
media conditions or the low carbon source in YM broth. However, five colonies showing high viscosity was
selected for further studies.
3.2. Identification
Using 16sr RNA sequencing all the five colonies were identified Pantoea agglomerans (Ca3), Bacillus
subtilis (Ca4), Enterobacter sp. (L2), Pseudomonas sp. (L3 & L4). Actually we expected the presence of 
Xanthomonas sp. which is usually present in the plants taken for this study. But we got its close relatives such
as Pantoea agglomerans and Pseudomonas sp. The possible explanation is the presence of reasonable amount
of Bacillus spp in the cabbage, lettuce and cauliflower. Biological control efficiency of an antagonistic,
endophytic strain of Bacillus subtilis (strain BB) was evaluated against the black rot pathogen, Xanthomonas
campestris pv. campestris (Xcc), in four Brassica crops (cabbage, cauliflower, rape and broccoli) grown
during three consecutive growing seasons and on two soil types, in two different areas in Zimbabwe. Strain
BB controlled the disease caused by strain Xcc B-147 in all Brassica crops during the dry and short rainy
seasons. A similar effect was observed in cabbage using the strain Xcc 33908 [7].
Table 1. Biomass and biopolymer production by different bacteria isolated from plants
3.3. Biopolymer production
Preliminary biopolymer production studies were conducted for these identified strains using glucose as a
sole source of carbon. After incubation for 72 h the fermented media was analyzed for biomass, viscosity, pH
and amount of biopolymer production. Dry cell biomass harvested from the fermentation broth showed that
the Pseudomonas sp. (L3) has the high biomass content than the other strains. The increase in the viscosity is
an indicator for the secretion of biopolymer in the medium. The viscosity of the medium increased from 0.985 
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mPas  to 2.3 mPas by Pseudomonas spp (L4) after  72 h of incubation (Table 1).
However, its polymer production was maximal under conditions of a 2% (w/v) glucose supplement, 0.4 M
NaCl and an incubation temperature of 35°C [8].  In addition, P. agglomerans has 2.2 mPas, Bacillus subtilis
with 2.17 and 2.05 mPas observed for Enterobacter sp. In the case of P. agglomerans, it was reported that it is
-ketoglutarate. The isolate Enterobacter sp also showed a reasonable
amount of polymer production [9].
The biopolymers produced by the isolates were dried (Fig. 2). Pseudomonas sp. (L4) is producing high
quantity of biopolymer followed by Bacillus subtilis (Table 1). As explained before, the viscosities of these
strains are not that much high because that needs optimization of conditions including the media composition,
temperature and other control parameters to increase the biopolymer production and viscosity
Fig.2. Dried form of biopolymers produced by the isolates a) Pantoea agglomerans, b) Bacillus subtilis, c) Enterobacter sp., and  d&e) 
Pseudomonas sp. (L3 & L4)
The fermentation was started in a media with pH 7. However the media pH has sharp decreasing during
three days of incubation. The P. agglomerans has 2.35 which is the minimum when compared with other 
species. This could be another reason for the low production of biopolymers. The maintenance                of 
initial pH is an essential factor to get more biopolymer. Biopolymer yield and biomass yield also suggest that 
the production medium should be optimized for these organisms. The yield of these organisms could be
improved by standardizing the optimum production conditions such as carbon source, nitrogen source,
temperature, pH and incubation period.
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